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Abstract: Quality control is an essential element of manufacturing operations that reduces product
defects and provides excellent products of the right specifications to the end consumer. Industry
4.0 solutions, such as digitalisation, along with lean manufacturing tools, may support quality control
operations. This paper presents a case study of a food company wherein quality control checks
were optimised using business process re-engineering to reduce physical waste and resource usage.
Following close analysis of the company’s pack-house operations, it was proposed to adopt elements
of Industry 4.0 by digitalising the quality control process. Implementing such a solution led to a
reduction in the time needed to complete recorded checks, an increase in the time the pack-house
quality control team spends with packers on the production lines, and the facilitation of defects
identification. It also ensured that the product met the customers’ specifications and reduced the
likelihood of rejection at the customers’ depot. The new system also enabled monitoring of each line
in real-time and gathering of additional information faster and more accurately. This article proves
how employing lean principles in combination with Industry 4.0 technologies can lead to savings in
resources and a reduction in waste, which leads to improvements in operational efficiency.
Keywords: waste; digitalisation; business process re-engineering; food manufacturing; lean; packing;
real-time monitoring; Quality 4.0; Industry 4.0
1. Introduction
Business process re-engineering allows optimising processes within businesses. One
way to do so is to use lean thinking to maximise customer value whilst minimising waste [1].
The origins of the lean concept have been traced back in time far beyond the Toyota
production system (TPS), where it is typically thought to have originated. The principles of
TPS had not been formally documented until 1965, when the Kanban systems were rolled
out to Toyota’s suppliers [2]. Just-in-time is one of the core elements of lean production and
is the material flow design upon which the lean production model is founded [3]. For such
a production model to succeed and achieve high efficiency and productivity levels, it needs
to have a robust quality management system to achieve the notion of ‘right first time’ and
have quality controls at the source to prevent defects from entering the production system
altogether [4–6].
Defects occur when products are produced outside of agreed tolerances of the ap-
proved specification. Defects are a significant contributor to product waste and waste
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of resources, including raw materials, energy, water, and human resources. A reduction
in waste generation helps to boost business performance by lowering environmental,
economic and social impacts, i.e., the three pillars of sustainability [7].
Optimised process monitoring helps identify defects in advance or as they happen in
real time [8]. A key function of the quality control (QC) process is to provide evidence that
customer requirements (tolerances) of the product are met [9]; therefore, measuring and
controlling the values of the different variables that regulate the manufacturing processes
is critical. However, collecting these values and handling the data manually tends to
be slow, tedious, and prone to human error, as data can be misread, misplaced, or mis-
recorded easily. Furthermore, human judgement may not be consistent due to various
factors including fatigue, mental or physical stress [10], as well as variability in heuristic
and cognitive capabilities. Data capturing and analysing technology can be used instead
to acquire such data and use it to control processes within acceptable parameters, ensur-
ing optimum product flow and quality. Furthermore, as computing devices get smaller
and cheaper, it is increasingly possible to tailor them to meet more needs on the factory
floor, enabling machines to gather data, measure key performance indicators, and track
operational efficiency [11].
Data archiving is also necessary so that results can be reviewed later for auditing
purposes [12]. As cloud storage becomes safer, more affordable and with connection
speeds that provide quick access, companies are increasingly moving away from paper
records [13]. This change introduces the challenge of reviewing and re-writing internal
procedures to capture these new ways of data collection and reporting. It is important to
know and prove who does what, when, how, and why [14] for the purposes of traceability,
accuracy, and consistency.
Industry 4.0 aims at automating industrial practices by using concepts and technolo-
gies such as the Industrial Internet of Things (IIoT), Big Data and Cloud Analytics. These
technologies are driving the digitalisation of supply chains, leading to improvements in
operational efficiency, product quality and cost reduction [15]. Several papers have recently
reviewed the rapid digitalisation of industry, e.g., [16–19]. However, research focusing on
the digitalisation of quality management processes towards an Industry 4.0 paradigm is
limited. Leveraging the proliferation of IIoT and data connectivity along with standard
quality tools and principles, Quality 4.0 can help organisations on their digital transforma-
tion journeys, improving both efficiency and product quality management [20]. Quality 4.0
integrates directly with the manufacturing system and can enable the detection of non-
conforming products in real time so that the QC team can evaluate and resolve issues [21].
Quality 4.0 is not a substitute for standard quality management systems, but rather it
builds and improves them. For instance, mobile devices such as tablets are a way to move
away from a paper-based to a digitised process. It allows data to be collected, analysed,
and distributed in real time for improved visibility and efficiency [20,22], i.e., digitising
data, which is one of the pillars of smart manufacturing [23].
However, due to a lack of know-how, motivation and implementation costs for Indus-
try 4.0 solutions, many small and medium enterprises (SMEs) have not adopted or explored
these opportunities yet [24,25]. We envisage that by implementing such digitalisation so-
lutions, businesses can reduce defects and therefore minimise waste generation. In this
context, this article aims to illustrate how QC processes can be improved in an industrial
case study by business process re-engineering. Industry 4.0 technologies and lean principles
have been applied to remove or reduce production system waste, in order to improve the
efficiency of factory processes and minimise final product defects. This should inspire other
food businesses, and potentially other industrial companies, to digitalise their operations.
This paper, therefore, caters to the knowledge and development of food quality and sustain-
ability within an Industry 4.0 domain, with a focus on quality management and continuous
improvement features (Quality 4.0), and considerations of sustainability principles.
The article is structured as follows: Section 2 introduces the methodology with the
background of the company, Section 3 identifies the lean-thinking solution, Section 4
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discusses how the solution was implemented, Section 5 compares the results achieved
by the new system with those of the traditional system, and Section 6 presents the main
conclusions of this project, as well as the planned future work.
2. Methodology
This article explores how business process re-engineering by combining lean principles
with Industry 4.0 technologies can lead to savings in resources and reductions in waste,
as well as improving operational efficiency during the QC process. The case study approach
was adopted as it can offer a more detailed evaluation of a complex issue in its real-life
context in comparison to survey or interview techniques [26,27]. Furthermore, the case
study approach provides a step-by-step implementation illustrative example of digitalising
the QC process within a factory.
The case study involved the food business Richard Hochfeld Ltd. (RH), a privately-
owned company based in Southern England that imports table grapes, apples, and pears
from various countries and other regions within the country for supply to major UK
retailers. The main site of the business includes offices, a warehouse and a pack-house.
The current QC method in place at RH has been developed over several years. It is in
essence a paper-based system where documents are printed, filed in date order, labelled,
stored, and archived every six months. It is recommended that the documents should be
stored in a safe, locked, cool room for no less than three years [28]. This is a laborious and
time-consuming practice that RH is seeking to change, exploring new digital technologies
that have in recent years become more accessible and cheaper [9].
The project aim is to improve the overall procedure within the pack-house by achieving
the following:
• Enabling the Line QC team (pack-house QC team completing checks on the fac-
tory floor), to accurately and immediately identify defects in the product and react
promptly to alleviate them.
• Digitalising pertinent information so that it can be accessed and analysed in a timely fashion.
• Enabling live data analysis of batches being produced in real time.
• Increasing the sample size and reducing the time taken to record data.
• Reducing paper wastage.
In order to achieve this, a more detailed study of the current activities in RH is needed,
followed by the identification of an adequate strategy to achieve the objectives mentioned
above. This is presented in the next section.
3. Identification of the Improvement Solution
Figure 1 shows the fourteen processes involved from the arrival of the fruit products at
RH until they are dispatched to clients. This project is focused on the QC function within the
pack-house (highlighted in yellow in Figure 1). The rhombus represents the inspection step,
and the grey-coloured rhombus denotes the QC process. The pack-house has 127 linked
weighing stations and five dynamic check-weighers that allow RH to produce batches that
conform to an average weight requirement, known as the Three Packers Rules [29].
Following an analysis of the processes in the pack-house, three types of wastes were
identified:
• Defects: the fruit product that does not meet customer’s specifications at the first test
must be reworked.
• Uneconomical: the current paper-based reporting system does not add any real value
and is expensive, as it needs people to physically record it and store the paperwork for
a minimum of 5 years. The paperwork acts a proof of quality checks and for traceability
purposes in case of recall or customer complaints. However, this information is of no
use to the pack-house team.
• Transport: the physical paperwork produced must be filed, moved and stored, taking
up time and space before it is finally disposed of.





Figure 1. Process flowchart in RH.
Furthermore, talent waste has also been identified, as the Line Quality Control (LQC)
team is currently spending time and effort to complete and manage the paperwork when
their efforts can be utilised for some other important tasks.
The LQC team also comes under pressure from the line leaders (whose main objective
is to ensure high productivity) to pass products that have been processed. Empowering
the QC team, allowing them to act upon their findings in real time and improve the
overall quality of the end product, should also help keep the team motivated and feel
that their work is more valued. Important influences on worker satisfaction are found
in the opportunities for workers to use their skills, as well as promotion opportunities,
and relationships with supervisors and co-workers [30]. This means that the importance
placed on the task being delegated to an employee can be a key factor in their motivation
to perform at a high level [30].
An Ishikawa diagram or fishbone diagram (Figure 2) was developed to identify
where the root cause of the defects may occur. Key aspects identified (circled in red) were
the effects of the environment, produce received, the inspection process, measurements
following standards, training received by the staff and key performance indicators (KPIs)
from customer requirements. These key aspects have been considered on the basis of
the historical data available and the reasons behind the defects. The acronyms used in
Figure 2 and their abbreviations are as follows: PDI: pre-delivery inspection, CCPs: critical
control points, QCPs: quality control points, and PRPs: prerequisite programmes (good
hygienic practices).
Following further investigation, it was found that only 0.9% of the final product in
the pack-house inspection is recorded to confirm that the product meets the customer
standards. The information from this inspection is handwritten on an inspection form.
Once the job is finished, this is filed, and the information recorded is generally not reviewed
unless a rejection occurs upon customer receipt. The paperwork must then be filed and
eventually stored before it can be disposed of after three years.
Furthermore, when interrogating the data from the final product checks following a
rejection at the customer’s depot, it was noted that the documentation did not offer any
evidence of the problem experienced at the depot. If there are no data that can explain
the problems experienced at the depot, the system is not controlling product quality
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effectively but merely serves to fulfil the minimum needs to comply with customer and
independent audit bodies’ traceability requirements. Exploring the root causes of this,
it was found that the LQC team, responsible for checking and recording the quality of
the product being produced on the factory floor, was spending large amounts of time
completing “cumbersome forms and collecting physical label samples”, thereby neglecting
the assessment of the quality of the finished product and not having enough time to work
with the packers to reduce defects in the product.
 
Figure 2. Ishikawa of the causes of defects at RH.
Another issue is that the sample size of the final check was found to be too small
to be significant because the batch produced can be delivered to the final customer over
several depots. Each depot completes a minimum check that corresponds to the order size
delivered. These checks take too long to complete and report. Consequently, by the time
the LQC has completed the checks for an individual pallet, the whole pallet is finished.
The LQC is then under pressure from the line leader (whose main concern is productivity)
to approve the pallet as suitable for supply. The information that the LQC has collected is
often wasted at this point and only exists for traceability purposes in the event of a rejection
or recall by a customer (or mock recall by a certification body). The quality manager (QM)
has attempted to increase sampling using the current system; however, due to the inherent
time constraints of the process, this was considered unworkable for the LQC team.
The retailer that buys from RH determines the initial sample size for inspection upon
receipt at each of their depots to verify whether the lot is in or out of tolerance and should
be kept or rejected. A lot is the amount of a single product delivered to one of their
distribution depots in a daily order. This lot may be just a small part of the batch that was
produced on a single job at RH. The average sample size for the initial inspection is five
per cent. Once the lot size is greater than 1000 units, the maximum sample size is 16 per
cent. Therefore, to ensure that RH can provide empirical evidence for the particular pallet
delivered to the individual retailer distribution depot from any given batch, the sample
size required must be increased. Consequently, RH decided to increase the percentage of
the final product that is inspected to a minimum of 9%. Since 1100 is the total number
of punnets per standard pallet, this will mean that 100 punnets for every 1100 punnet
produced must be inspected.
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RH produces on average 157,000 punnets per day. These are generally packed with
ten punnets per outer with 110 outers per finished pallet (an average of 142.7 pallets per
day). There are eight main stock-keeping units, with three of them making up more than
60% of the daily orders. Each pallet produced has a unique pallet number that is associated
with the job number. The job number provides traceability, both back to the raw material
that has been used to produce the finished product and forward to the customer depot.
The job number is used both by the software that controls the weight in the pack-house
through to the system that is used to control inventory and invoicing.
Each pallet produced has on average two pieces of QC paperwork that accompany it:
an online check and the final product check. Other checks that are performed are the QC
start-up check, the online label check and the Machine Minder (operator) checks. For each
packing job of ten pallets, we can estimate that 25 pieces of paper are produced, which
need to be filed and stored for a minimum of three years. This results in approximately
129,500 pieces of paper each year that is of no practical use.
The Technical Director and QM at RH showed interest in digitalising data collection
and remove the paperwork from the packing lines to reduce the time the LQC team spends
on recording and reviewing checks, ensuring that they can target the most important
aspects of the inspection. Following conversations with RH staff, it was suggested to
introduce a tablet-based quality check (TBQC) system into the pack-house to digitise
QC. The concept of using an electronic tablet that can allow multiple users to complete
questionnaires in a repeatable way has been proven useful, allowing experiments to be
saved and giving instant access to results [31]. This idea should support RH in employing
lean-thinking principles within their processes to ensure QC checks are executed to reduce
both physical waste and the use of resources during production. Digitising the checks could
also allow monitoring of quality in real time and interrogation of the data at a later date.
This should enhance the quality of the information being collected, with the additional
possibility of taking photographic evidence where appropriate. Consequently, the LQC
team will have more time to train the packers on the line to reduce the number of products
being produced that contain defects. The QM also believes that increasing the inspection
size and giving the QC team a view of their results in real time will increase their confidence
and make them feel empowered to make further improvement decisions. Furthermore,
by digitising the checks, the information produced will be live. It will enable the LQC team,
QM and pack-house manager to react quickly to bring any product out of tolerance into
conformity in good time if it falls short of predetermined standards.
The TBQC solution was further investigated by looking for existing digital solutions in
the market within the fresh produce sector. Three businesses were identified, which offered
a similar solution of hiring their equipment and software and receiving support for an
annual fee. They provided an off-the-peg solution, which would not allow for interrogation
of the data collected within these systems, instead being forced to rely on the provider to
run seasonal reports and analyses. Furthermore, they do not integrate with the software
that is already employed throughout the pack-house. In conjunction with the technical
director and the QM of RH, it was decided that a better solution was to develop a bespoke
solution with the help of an automation and technology company with whom RH has
already worked in the past. This would allow RH to tailor the reports and information to
suit their needs.
Following the identification of the TBQC solution, the project objective was defined in
detail following the SMART criteria [32]:
• Specific: to substitute the traditional paper-based quality check (PBC) with a novel
tablet-based quality check (TBQC).
• Measurable: the following parameters will be measured for both check systems: time
spent to complete the recorded checks, time spent with packers, the proportion of
punnets identified containing defects, economic costs and LQC’s satisfaction.
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• Achievable: RH has set up a collaboration with an experienced automation and
technology company that will support the development and implementation of the
TBQC. The project objectives were signed off by the Managing Director at RH.
• Relevant: the approach and solution proposed to follow line-thinking principles that
are expected to allow RH to improve the overall performance of the business and
reduce waste.
• Time-bound: the project should be completed by October 2019.
The next section describes how the solution identified in this section was implemented.
4. Implementation
The new software developed for the TBQC integrates directly into the existing software
that controls the average weight system within the pack-house. The tests carried out are
linked directly to the job number. When the line leader sets up a new job on the software,
the tests required by the LQC automatically load onto the software. These tests have their
minimum and maximum tolerances set by the customer to ensure the product is measured
within the set parameters. If the results are outside the set parameters, the software
indicates that the product is not within the tolerance and advises the LQC team that action
must be taken. Furthermore, the results are visible in real time to the Pack-house Manager,
QM, line leaders and QC team by a dashboard capable of displaying the results of the
checks carried out for each of the six lines in real time, showing minor, major, unacceptable,
and waste defects.
4.1. Preliminary Comparison between Both Checks
A comparison between the PBC and the new TBQC procedures was performed to
identify the information that could be collected under each procedure. With the PBC,
four paper documents are generated: packing instructions, online check, punnet scaling
check and final product check. With the TBQC, data are collected in five stages: QC start-up,
online check 1, online check 2, punnet scaling check and final product check. This shows
that the TBQC provides an extra opportunity for the LQC team to evaluate the product’s
quality and intervene to make improvements where necessary. Each of these data-collection
points, as well as how they are affected by PBC and TBQC procedures, are described below.
The QC start-up check requires the LQC team to check and complete the job informa-
tion and ensure that the raw material and label information being used is correct. This must
be completed prior to production to avoid human error. The ability to review this informa-
tion with confidence that it has been completed correctly and at the right time is of great
importance if required for future reference. Although this step is also performed in the
PBC system, no physical document is generated.
The packing instructions form is performed only in the PBC procedure. The Machine
Minder must manually tick boxes in the form to confirm the line has been cleared from
previous jobs and is ready for use. They must also gather a copy of the printed film and
labels that are required for the job and attach them to the paperwork, recording the batch
numbers of any packing used. This process is time-consuming and cumbersome, as it
requires scissors to cut out the film and sticky tape to attach it to the paper. Digitising
this process allows the batch numbers to be recorded and removes the need to collect the
physical labels and film, using the tablet to capture the image.
The online checks require a series of ticks to indicate that each punnet has been packed
to conform with basic specifications. The introduction of the TBQC guides the LQC to
complete a processing check for each scale (workstation) on the line. This ensures that each
packer is being checked and allows the QM to identify packers who require additional
training. This is followed by a timed check that highlights any major or minor defects seen
by the LQC. With the PBC, no information about what the defects identified are or what
action was taken to rectify them is recorded. With the TBQC, the LQC not only identifies
the defect but also captures an image that is uploaded directly to the test. The time of the
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checks is noted at exact 15-min intervals, and digitising the checks ensures that the actual
time of the check is precisely recorded.
The punnet sealing check form requires the punnet seal and print quality to be verified
every 15 min. The Machine Minder is responsible for checking and signing that this
has been done. With the TBQC, the test is timed stamped and photographic evidence is
collected showing that the print quality is adequate.
The final product check form contains information that can be used to check that the
product meets the tolerance for the customer, measuring attributes such as soluble sugar
levels (brix◦), berry size, loose berries (shatter), the number of bunches used to comprise
an individual unit and physical defects seen within the punnet. These attributes must
be calculated to ascertain whether the product is within tolerance. This check must be
completed for each pallet that is produced in a batch. A batch may be just a single pallet
or up to 26 pallets. With the PBC, the LQC team cannot analyse the data being collected
in real time to see the trend of major or minor defects across the batch. Completing the
form with the PBC and calculating the result is time-consuming and limits the number of
punnets that can be checked in time to allow the LQC to make a reasonable judgement
about whether the product is within tolerance. With the TBQC, the QM, line leaders and
pack-house manager can view the data in real time. Furthermore, by digitising this check,
the information gathered is simplified, and the brix◦ check has been removed from the final
check to the online check, as fruit with low brix◦ should not reach the final product stage.
Potential drawbacks and challenges of introducing the novel TBQC system have been
identified and will be closely monitored. The most relevant ones are:
• Cost of implementation and ongoing cost to support the system
• Need for new skills and training of staff
• Introducing additional complexity in daily operations
• New security threats
However, these drawbacks may be compensated by an overall reduction in the number
of defects and rejection by customers in the long run. In addition, it is expected that the
staff will improve their skillsets by being exposed to new technology. Finally, using the
technology over a period of time will reduce its complexity and plug any security threats.
4.2. Project Plan
Figure 3 shows the Gantt chart of the project, with the time in hours allocated for each
task divided per week. The project took 9 weeks to complete; therefore, the objective of
completing the project by October 2019 was met. A total of 54 h was needed to implement
the solution and successfully complete the project. The most intensive week was week 6,
with 15 h of work. The first task of the project, named “programme questions”, was the






Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Total hours
Programme questions 4 4 4 4 4 20
Train QC 3 3
Trial with tablets 5 5 10
Collection of packing data for comparison 5 5 4 4 18
Purchase of tablets 1 1
Write summary reports 1 1 2
Total hours 4 4 5 4 10 15 4 4 4 54
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Total cost, £
Programme questions 2000 2000 2000 2000 2000 10,000         
Train QC 500 500               
Trial with tablets -                
Collection of packing data for comparison 200 200 400               
Purchase of tablets 2500 2,500           
Write summary reports 2000 2000 4,000           
Total cost, £ 2000 2000 4500 2000 0 2000 2500 2200 200 17,400         
Figure 3. Gantt chart of the project. In red: the critical path.
Figure 4 shows the economic costs of implementing the project, with the cost of each
task divided per week. The total cost of implementing the project was £17,400. The week
with the highest cost associated was week 3, which is when the tablets were purchased.
The “programme questions” task had associated the highest cost, at £10,000. This task
required more hours of work to be completed, as shown in Figure 3. It must be noted that
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the cost of software development was borne by the automation and technology company,
which provided the programmers and knowledge required. This company will retain all






Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Total hours
Programme questions 4 4 4 4 4 20
Train QC 3 3
Trial with tablets 5 5 10
Collection of packing data for comparison 5 5 4 4 18
Purchase of tablets 1 1
Write summary reports 1 1 2
Total hours 4 4 5 4 10 15 4 4 4 54
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Total cost, £
Programme questions 2000 2000 2000 2000 2000 10,000         
Train QC 500 500               
Trial with tablets -                
Collection of packing data for comparison 200 200 400               
Purchase of tablets 2500 2,500           
Write summary reports 2000 2000 4,000           
Total cost, £ 2000 2000 4500 2000 0 2000 2500 2200 200 17,400         
Figure 4. The economic cost to complete the project, with graded red cells according to the cost of each task and week.
5. Results and Discussion
Following the implementation of the TBQC solution, a series of tests were carried out
to make sure the new system outperforms the traditional PBC procedure. Forty jobs were
monitored over one week to measure the following parameters for both PBC and TBQC:
• time taken to complete a single pallet of 1100 punnets
• time taken by the LQC to complete the quality check
• time the LQC spends with the packers on the line once the quality check is complete
• number of unsatisfactory punnets identified by the LQC team during processing when
completing the quality check
The box-and-whisker plot in Figure 5 shows the time taken in minutes to complete
20 PBCs compared to 20 TBQCs. The plot shows the median as a horizontal line, range
within the first and third quartile as a blue box, the maximum and minimum values as
lines extending from the boxes, and any outlier as a dot. It was clear that the LQC team had
consistently completed the required recorded checks more quickly with the TBQC system,
saving on average 4.35 min per check. The median time to complete the PBC check was
10 min, compared to just 6 min for the TBQC.
Figure 5. Time spent to complete recorded checks.
Figure 6 shows how much time the LQC team was able to spend working with the
packers on the production line to improve the final product. The median time when
following the PBC procedure was around one minute per pallet. This increased to 4 min
for the TBQC. In total, the LQC spent 29 min working with the packers when completing
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the PBC, compared to 74 min using the TBQC. In 10 out of 20 pallets produced when
using PBC, the LQC team could not spend any time working with the packers. In contrast,
this occurred only three times when following the TBQC procedure.
Figure 6. Time spent with packers in minutes.
Figure 7 shows the proportion of punnets rejected due to identifying defects on the
production line by the LQC. There was a clear increase in the number of punnets identified
containing defects when carrying out TBQC compared to the PBC, despite the total number





Figure 7. The proportion of punnets identified containing defects.
A Mann–Whitney U test was used to analyse whether the different results for the total
number of punnets produced and punnets rejected per job for both PBC and TBQC were
statistically significant. The following four assumptions were checked to make sure the
data could be analysed by using a Mann–Whitney U test [33]:
1. The dependent variable was continuous
2. The independent variable consisted of two categorical, independent groups
3. There was no relationship between the observations in each group or between the
groups themselves
4. The variables were not normally distributed
As the first stage of the Mann–Whitney U test, Table 1 shows the ranks for both PBC
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and TBQC procedures for the total number of punnets produced and punnets rejected per
job. The mean rank of the total punnets produced was consistent between the two methods.
However, the punnets rejected per job during the TBQC method was considerably higher,
with a mean rank of 29.35, compared to the PBC mean rank of 11.65.
Table 1. Ranks from the Mann–Whitney U Test.
Check Type N Mean Rank Sum of Ranks
The total number of
punnets produced
PBC 20 20.10 402.00
TBQC 20 20.90 418.00
Total 40
Punnets rejected per job
PBC 20 11.65 233.00
TBQC 20 29.35 587.00
Total 40
Results from the Mann–Whitney U test shown in Table 2 prove that the higher number
of punnets rejected per job for the TBQC compared to the PBC was statistically significant:
U(NPBC = 20, NTBQC = 20) = 23.000. Since U < 127 (critical value for the Mann–Whitney
U Test for N1 = N2 = 20 and p = 0.05: U = 127) [34], the difference between the punnets
rejected per job was unlikely to have occurred by chance. Similarly, the higher number of
punnets produced for TBQC was statistically significant.
Table 2. Test Statistics from the Mann–Whitney U Test.
Total Number of Punnets Produced Punnets Rejected per Job
Mann–Whitney U 192.000 23.000
Wilcoxon W 402.000 233.000
Z −0.216 −4.793
Asymptotic significance (two-tailed) 0.829 0.000
To further explore the increase in time efficiency of the TBQC, the time needed to
gather data during an audit or traceability exercise was measured. The compliance manager
made a mock recall and requested the QM to gather the physical PBC completed for a
single job number. This took a total of 2 h 25 min, as the paperwork was stored away from
the main site and the QM required assistance from a fork truck operator to retrieve a pallet
from racking. Once the pallet was at ground level, the QM de-stacked around half of the
pallet to get to the box containing the job number in question. The QM then gathered the
digitised TBQC information from the newly developed software, needing less than 10 min
to access it and email it to the compliance manager. These results exhibit a clear saving in
time and labour, as it took 135 min less to retrieve the information by the TBQC compared
to the PBC, and the assistance of a forklift operator was not needed.
In addition to improving the economic performance of RH by identifying more defects
in the final product, a reduction in the use of physical paper by approximately two-thirds
every four days has been achieved when using TBQC. The annual economic savings due to
this reduction in paper use have been estimated to reach nearly £7000 (Table 3). This also
has associated a significant reduction in environmental impact related to the production of
the paper as well as its waste management.
Finally, the opinions of the LQC team were collected to elucidate whether they were
satisfied with the change from a PBC to a TBQC system. A questionnaire with six questions
was given to 11 randomly chosen anonymous members of the LQC team. The questionnaire
results in Table 4 show that LQC staff were generally satisfied with the change. The mean
results were between “agree” and “strongly agree” that the change was positive. This has
strong implications in terms of job satisfaction, job performance, and talent retention.
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Table 3. Economic savings due to the elimination of the use of paper.
Paper sheets used per day for PBC 357
Paper used per annum 129,591
Number of boxes needed (2500 paper sheets per box) 51.8364
Paper cost (cost per box: £18.95) £982.30
Cost of printing (cost per sheet: £0.03) £3887.73
Cost of packing, palletisation and movement, estimated at one
hour per four days (£15.00 labour per hour)
£1361.25
Physical storage space used £726.00
Total yearly costs £6957.28
Table 4. Questionnaire to test the satisfaction of the LQC team. Likert scale: 5, Strongly agree; 4, Agree; 3, Neither agree nor



























Decision Making If I
Need to Reject a
Product with the
TBQC System
1 5 5 5 5 5 5
2 5 5 5 5 5 5
3 5 5 5 5 5 5
4 4 4 4 5 5 5
5 5 5 5 5 5 5
6 5 5 5 5 5 5
7 2 3 4 3 2 4
8 5 5 4 4 4 4
9 5 5 4 5 5 5
10 4 4 4 4 3 4
11 5 5 4 3 3 4
Mean result 4.55 4.64 4.45 4.45 4.27 4.64
In conclusion, implementing this solution led to an improvement of the following
operational parameters: a reduction in the time needed to complete recorded checks; a
consequent increase of time the pack-house quality control team can spend with packers
on the production lines to facilitate identification of defects; a reduction of the likelihood of
rejection at the customers’ depot; a reduction in the use of physical paper and an increase
in staff satisfaction.
6. Conclusions and Recommendations
This project has used business process re-engineering to identify a lean solution to
improve the efficiency of the operations in a food company’s pack-house. By substituting
a PBC system with a TBQC system, several operational parameters have been improved.
The LQC has consistently completed the required checks more quickly, saving an average
of 4.35 min per check. This saving has an immediate impact on the ability of the LQC team
to work with the packers to produce the product without defects, and therefore reduce
waste. When using the PBC system, the LQC could spend time working with the packers
for only 10 out of 20 pallets produced, compared to 17 out of 20 when using the TBQC
system. The LQC was able to spend a total of 29 min working with the packers when
completing the PBC, compared to 74 min using the TBQC. This allows the LQC team to
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understand issues in the packhouse and to instruct the packers better. The additional time
also allows the LQC team to identify defects before products are heat sealed; the LQC
removes three times more defective punnets and returns them to the packers with TBQC
than when using the PBC. This ensures that the product meets the customers’ tolerances
and reduces the likelihood of rejection at the customers’ depot. It is expected that, as the
LQC team spend more time working alongside the packers, the number of punnets the
packers produce with defects will be reduced.
Therefore, it can be concluded that the introduction of the TBQC system significantly
improves activities in the pack-house by reducing the time needed to complete the recorded
checks, increasing the time LQC spends with packers and facilitating the identification of
defects. A consequence of this is the reduction in physical waste. This system also enables
monitoring of each line in real time and identification of quality issues as they arise, saving
time, effort, and resources when carrying out traceability and recall tests. The possibility of
recording photographic evidence gives the check greater validity. Furthermore, there is a
reduction in the use of paper, which translates into a reduction in paper waste, and as a
result, an economic saving. Reducing deliveries and saving storage for materials further
improves the economic performance of the business. Finally, the company staff has also
shown their satisfaction over the new TBQC system implemented.
It is expected that the data continuously gathered in the medium- to long-term will be
used. After a period of two years of data collection, it will be possible to look for trends
according to the seasons, and across types, varieties, and countries of origin. Such infor-
mation could assist the pack-house planners, line leaders, and QC teams when making
decisions on staffing levels required to complete jobs, and deployment locations according
to the experience of packing staff. Furthermore, this information could be used to draw
comparisons between the intake inspection in RH and the QC conducted by the exporter.
In turn, this could help the exporters understand the issues causing the punnets to be
outside the quality tolerance on arrival at RH. These issues could then be addressed earlier
in the process by helping the exporter to make improvements to the product while it is
within their control. This could potentially benefit the exporters by reducing their packing
charges, as when punnets are processed in RH to bring the final product to tolerance,
the exporters are charged an additional levy above the standard rate. Receiving the product
within the final customer’s specification also benefits RH, as fruit that does not require
additional work can be packed more quickly, increasing capacity within the pack-house.
The research approach discussed in this paper forms a basis for adopting an element
of quality management. Although this paper focuses on Quality 4.0 implementation in
the food sector, it is expected that the approach followed and solutions applied would
also be applicable in other manufacturing sectors, allowing them to save resources and
minimise waste.
Author Contributions: Conceptualization, G.G.-G., G.C. and S.J.; methodology, G.G.-G. and G.C.;
validation, G.G.-G., G.C. and S.J.; formal analysis, G.C.; investigation, G.C.; resources, S.J.; data
curation, G.G.-G., G.C. and S.J; writing—original draft preparation, G.G.-G., G.C. and S.J.; writing—
review and editing, G.G.-G., G.C., S.J., M.A.-S. and K.S.; visualization, M.A.-S. and J.P.; supervision,
J.P. and K.S.; project administration, M.A.-S. and K.S. All authors have read and agreed to the
published version of the manuscript.
Funding: Guillermo Garcia-Garcia acknowledges the Grant Juan de la Cierva Incorporación funded
by MCIN/AEI/10.13039/501100011033.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.
Acknowledgments: We thank Richard Hochfeld Ltd. for collaborating in this project and for the
data provided.
Conflicts of Interest: The authors declare no conflict of interest.
Sustainability 2021, 13, 12341 14 of 14
References
1. Womack, J.P.; Jones, D.T. Lean Thinking—Banish Waste and Create Wealth in your Corporation. J. Oper. Res. Soc. 1997, 48, 1148.
[CrossRef]
2. Holweg, M. The genealogy of lean production. J. Oper. Manag. 2006, 25, 420–437. [CrossRef]
3. Monden, Y. Toyota Production System: An Integrated Approach to Just-In-Time; CRC Press: Boca Raton, FL, USA, 2011.
4. Eaton, M. The Lean Practitioner’s Handbook; Kogan Page: London, UK, 2013.
5. Antony, J. Six Sigma vs. Lean. Int. J. Prod. Perform. Manag. 2011, 60, 185–190. [CrossRef]
6. Douglas, J.; Antony, J.; Douglas, A. Waste identification and elimination in HEIs: The role of Lean thinking. Int. J. Qual. Reliab.
Manag. 2015, 32, 970–981. [CrossRef]
7. Garcia-Garcia, G.; Stone, J.; Rahimifard, S. Opportunities for waste valorisation in the food industry—A case study with four UK
food manufacturers. J. Clean. Prod. 2019, 211, 1339–1356. [CrossRef]
8. Lai, N.Y.G.; Wong, K.H.; Halim, D.; Lu, J.; Kang, H.S. Industry 4.0 Enhanced Lean Manufacturing. In Proceedings of the 2019 8th
International Conference on Industrial Technology and Management (ICITM), Cambridge, UK, 2–4 March 2019; pp. 206–211.
9. Tsimillis, K.C. Data integrity: Requirements set in the accreditation standards. Accredit. Qual. Assur. 2019, 24, 165–171. [CrossRef]
10. Cadwell, D. Current and Future Technologies. In Robotics and Automation in the Food Industry; Woodhead Publishing Ltd.:
Cambridge, UK, 2013.
11. Kubat, R. Quality 4.0: The Internet of Things is only half the solution. Quality 2018, 57, 42–45.
12. Olson, J. Database Archiving: How to Keep Lots of Data for a Very Long Time; Morgan Kaufmann: Burlington, MA, USA, 2008; ISBN
0123747201.
13. Gupta, P.; Seetharaman, A.; Raj, J.R. The usage and adoption of cloud computing by small and medium businesses. Int. J. Inf.
Manag. 2013, 33, 861–874. [CrossRef]
14. Gordonov, E. Achieving compliance with 21CFR Part11: Managing electronic testing data. Quality 2019, 58, 25.
15. Jagtap, S.; Garcia-Garcia, G.; Rahimifard, S. Optimisation of the resource efficiency of food manufacturing via the Internet of
Things. Comput. Ind. 2021, 127, 103397. [CrossRef]
16. Schniederjans, D.G.; Curado, C.; Khalajhedayati, M. Supply chain digitisation trends: An integration of knowledge management.
Int. J. Prod. Econ. 2020, 220, 107439. [CrossRef]
17. Attaran, M. Digital technology enablers and their implications for supply chain management. Supply Chain Forum Int. J. 2020, 21,
158–172. [CrossRef]
18. Bienhaus, F.; Haddud, A. Procurement 4.0: Factors influencing the digitisation of procurement and supply chains. Bus. Process.
Manag. J. 2018, 24, 965–984. [CrossRef]
19. Jagtap, S.; Bader, F.; Garcia-Garcia, G.; Trollman, H.; Fadiji, T.; Salonitis, K. Food Logistics 4.0: Opportunities and Challenges.
Logistics 2020, 5, 2. [CrossRef]
20. Jovanis, M. Digitising to Modernise Manufacturing. Pharm. Technol. 2019, 43, 63–65.
21. Jagtap, S.; Bhatt, C.; Thik, J.; Rahimifard, S. Monitoring Potato Waste in Food Manufacturing Using Image Processing and Internet
of Things Approach. Sustainability 2019, 11, 3173. [CrossRef]
22. Jagtap, S.; Rahimifard, S. The digitisation of food manufacturing to reduce waste—Case study of a ready meal factory. Waste
Manag. 2019, 87, 387–397. [CrossRef]
23. Wang, S.; Guo, M.; Hu, Y.-X.; Chiu, Y.-K.; Jing, C. Smart manufacturing business management system for network industry
spin-off enterprises. Enterp. Inf. Syst. 2020. [CrossRef]
24. Kumar, R.; Singh, R.K.; Dwivedi, Y.K. Application of industry 4.0 technologies in SMEs for ethical and sustainable operations:
Analysis of challenges. J. Clean. Prod. 2020, 275, 124063. [CrossRef]
25. Masood, T.; Sonntag, P. Industry 4.0: Adoption challenges and benefits for SMEs. Comput. Ind. 2020, 121, 103261. [CrossRef]
26. Eisenhardt, K.M. Building Theories from Case Study Research. Acad. Manag. Rev. 1989, 14, 532–550. [CrossRef]
27. Yin, R.K. Case Study Research: Design and Methods; Sage Publications: Thousand Oaks, CA, USA, 2008; Volume 5.
28. Clute, M. Food Industry Quality Control Systems; CRC Press: Boca Raton, FL, USA, 2008.
29. Legislation.gov.uk. The Weights and Measures (Packaged Goods). Regulation 2006 No. 659. Legislation.gov.uk. 2006. Available
online: http://www.legislation.gov.uk/uksi/2006/659/made (accessed on 15 June 2021).
30. Sironi, E. Job satisfaction as a determinant of employees’ optimal well-being in an instrumental variable approach. Qual. Quant.
2019, 53, 1721–1742. [CrossRef]
31. Pearsall, A.B. Implementation and challenges of electronic notebooks. Bioanalysis 2013, 5, 1609–1611. [CrossRef] [PubMed]
32. Yemm, G. Essential Guide to Leading Your Team: How to Set Goals, Measure Performance and Reward Talent; Pearson Education:
London, UK, 2013.
33. Laerd Statistics. Mann-Whitney U Test Using SPSS Statistics. Laerd Statistics. 2018. Available online: https://statistics.laerd.
com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php (accessed on 15 June 2021).
34. Statology. Mann-Whitney U Table. Laerd. 2018. Available online: https://www.statology.org/mann-whitney-u-table/ (accessed
on 15 June 2021).
